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Abstract: 
The objective of the Preservation of Palm Leaf 
Manuscripts Project at Mahasarakham University at Thailand 
is to preserve and retrieve traditional knowledge from ancient 
manuscripts recorded on palm leaves. An essential task in the 
process is to recognize the ancient characters automatically 
through image processing techniques. The paper compares 
different background elimination approaches which could be 
used. The aim is to improve the global and local adaptive 
thresholding techniques intelligently, and to form the 
pre-processing procedure in the automated process. 
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1.  Introduction 
Palm leaf manuscripts were one of the popular written 
documents for over a thousand years in South and Southeast 
Asia [1, 2]. In Thai history, dried palm leaves have been used 
to record Buddhist  teaching  and doctrines, folklores, 
knowledge and use of indigenous  medicines,  stories of 
dynasties, traditional arts and architectures, astrology, 
astronomy, and techniques of traditional massages. Recently, 
several universities and institutes including medical 
departments and religion organizations have initiated 
projects to collect, recover and preserve Thai palm leaf 
manuscripts. It is recognized that these documents contain 
invaluable knowledge, history, culture, and local wisdoms of 
Thai civilization. In particular, knowledge concerning 
indigenous medicines has been studied with great attention 
due to their potential in treating many ailments and diseases.  
With the passage of time, most of these palm leaves, if 
left unattended, will deteriorate as they are coming to the end 
of their natural lifetime as they face destructive elements 
such as dampness, fungus, bacteria, ants and cockroaches. 
For this reason, Mahasarakham University is establishing the 
Palm Leaf Manuscript Preservation Project [3] for the 
discovery, preservation and protection of palm leaf 
manuscripts from Northeast Thailand and to extract 
knowledge from the ancient world. 
Currently, computer technology can store and process 
the ancient image documents in multimedia systems. It is 
possible to collect and access those manuscripts and 
preserved them in digital formats in the computer. Although 
currently storing systems can store document images, there 
is no specific system to retrieve the knowledge from these 
ancient documents. It is the ultimate aim of the project to 
develop an efficient image processing system that could be 
used to retrieve knowledge and information from the palm 
leave images. This research will apply image processing and 
intelligent techniques to analyze and retrieve knowledge 
from these manuscripts. However, it is recognized that it is 
not an easy task as there are many styles of traditional Thai 
handwriting, noise on the images, and fragmentation or 
cracks due to fragility of the aged leaves.  
It is common that images of the collected ancient 
documents are of poor quality due to insufficient attention 
paid to the condition of the storage and the quality of the 
written material. As a result, the foreground and background 
in the scanned images are difficult to be separated. Many of 
the palm leaf images have varying contrast and illuminant, 
smudges, smear, stains, and contaminations due to seeping 
ink from the other side of the palm leaf. Prior to the stage of 
knowledge extraction, characters or text on the images have 
to be recognized. There are three steps which need to be 
completed prior to the task of character recognition. First, a 
palm leaf is scanned into a RGB image and then is is 
converted to become a gray-scale image. Next, image 
enhancement is used to enhance the quality of image. The 
Gaussians’ filtering technique [4, 5] is one of the commonly 
used techniques. After this stage, background elimination is 
applied and then text and character separation are carried 
out.  
Background elimination, also known as “binarization”, 
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is an essential part of preprocessing step in image processing, 
converting gray-scale image to binary image, which is then 
used for further processing such as document image analysis 
and optical character recognition (OCR). Consequently, 
background elimination of ancient document is crucial to 
remove unrelated information, background or noise on the 
documents. If this step is insufficient, original characters 
from the image may be lost or more noise may be added. 
Furthermore, this technique is essential to improve the 
readability of the documents and the overall performance of 
the process. 
In this paper, a number of the “classical” or the 
most commonly used approaches based on the global 
and  local adaptive  thresholding techniques are applied 
to several example real data set which has been collected by 
[3]. A new framework to be applied for background 
elimination is also proposed. 
2.  Thresholding Techniques 
Binarization is the process of converting a gray-scale 
image to a binary image by using threshold selection 
techniques to categorize the pixels of an image into either 
one of the two classes. 
There are two main techniques of binarization [6] and 
they are global thresholding and local adaptive thresholding 
techniques.  
2.1.  Global Thresholding Techniques 
Global thresholding techniques [6] attempt to find a 
suitable single threshold value (Thr) from the overall image. 
The pixels are separated into two classes: the foreground 
(text which is black color) and the background (white color). 
This can be expressed as follows  
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which  If(x,y) is the pixel of the input image after noise 
reduction process and 
Ib(x,y) is the pixel of the binarized image.  
The well known global thresholding technique is Otsu’s 
algorithm [7]. This research compares two approaches of 
global thresholding technique which are the  basic Otsu’s 
algorithm and the recursive Otsu’s algorithm which was 
purposed by Cheriet and et al [8]. Further details of these two 
techniques are given in subsequent sections. 
2.2.  Local Adaptive Thresholding Techniques 
Local adaptive thresholding techniques [6] calculate the 
threshold values which are determined locally based on pixel 
by pixel, or region by region. A threshold value (Thr(x,y)) 
can be derived for each pixel in the image, and the image can 
be separated into foreground and background as given in 
expression (2). 
  Ib(x,y) =
black if I f (x,y) ≤Thr(x,y)
white if I f (x,y) >Thr(x,y)
⎧ 
⎨ 
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 (2) 
(Thr(x,y)) in the above expression is different from Thr 
in expression (1) as its value varies according to the local 
region. The conventional local adaptive thresholding 
techniques are Niblack’s algorithm [9], Sauvola’s algorithm 
[10] and local adaptive mean-C [11]. These three techniques 
are experimented in this study. An improved algorithm has 
also been proposed and is described in the later sections. 
3.  Otsu’s Algorithm 
This algorithm was proposed by Otsu [7] and it is based 
on histogram analysis. The threshold selection is processed 
as a clustering process which divides all the pixels of an 
image into two classes: C0, is the foreground or text, with a 
gray-level value below or equal to Thr, and C1   is the 
background with a gray-level value above Thr. By 
convention, the values below Thr are black and those above 
are white. 
A measurement of the “goodness” of the threshold 
value, Thr, is based on the discriminant criteria maximizing 
(η), which is the separability measure as shown below. 
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where pi is the probability of occurrence of gray-level i, ni is 
the number of pixels with gray-level i and N is the total 
number of pixels. 
Consequently, the optimal threshold k* is the maximum 
value  η(k*) ranging between 0 and 1 (0 ≤ η∗ ≤ 1) or 
equivalently maximized 
2
B σ  that: 
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While the Otsu’s algorithm has been successfully applied to 
many applications, there are situations where the image may 
have multiple background. This has led to an modification of 
the basic approach and became the recursive algorithm as 
shown in the next section.  
4.  Recursive Otsu’s Algorithm 
In this algorithm as proposed by Cheriet and et al [8], 
the thresholds selection is determined automatically by a 
recursive application of Otsu’s algorithm. The recursive 
criterion is on the separability (η) measure. It was 
recommended that the recursion stops when the background 
is separated by the threshold value of η ≥ 0.95, or when 
η does not change, indicating the background  is having a 
consistent gray level. 
The procedure of the threshold selection can be 
summarized as follows: 
1. Initialize t =1, η = 0, where t is the number of times of 
the recursion. 
2. Calculate the histogram of the filtered image ff (i, j) using 
the expressions (3) to (10) as given above. 
3. Select the threshold, Thr(t), that maximizes the 
separability (
2
T
2
B σ σ = η ) as stated in expression (3). 
4. Thr(t) is the value that separates the image into 2 regions 
- the background (Ct-1) and the object (Ct) . 
5. Increment t, and calculate the new histogram of the 
image Ct. 
Perform steps 3 to 5 until η ≥0.95 or η does not change. 
The total of image region before eliminate background is a 
union of Ct 
 
 
I f = U
t ∈{1,..,p}
Ct (13) 
where Ct is sub-region image and the result of background 
elimination (object region) is given by Ib 
 I b  =  Cp (14) 
where Cp is the final image that a threshold selection that 
has been determined by the suitable threshold value, η .  
The subsequent section describes the local adaptive 
thresholding techniques. 
5.  Local Adaptive Mean-C 
A simple approach to modify the thresholding value 
adaptively is to use a value, which statistically examines the 
intensity values of the local neighborhood of each pixel. The 
statistical technique which is most appropriate in computing 
the threshold, depends largely on the image itself. One way 
is to use the mean of the local intensity distribution in a fixed 
overlapping window together with a constant value, C.. The 
Threshold value T can be calculated from the difference 
between the mean value and the constant value, C, i.e. T = 
mean-C [11] . This is described in the following steps: 
1. Convolve the window of the image with a suitable 
statistical operator, i.e. the mean or median  
2. Subtract the original from the convolved image 
3. Threshold the difference image with the value, C  
4. Invert the “thresholded” image.  
The size of the window for use is very important. It 
must be large enough to cover a sufficient neighborhood, yet 
if chosen too large it can overlook important local variations. 
Similarly, the value of C could be subject to discretion. 
6.  Niblack’s Algorithm 
Niblack’s algorithm [9] is based on the varying 
threshold over the image by using local mean value, “m” and 
the standard deviation, “s”, of gray level  in a small 
neighbourhood or window of each pixel. A threshold for 
each pixel can be calculated from 
  T(x,y) = m(x,y) + k * s(x,y)  (15) 
where T(x,y) is the threshold value for pixel at (x,y), m(x,y) 
and s(x,y) are the mean and standard deviation of the 
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neighborhood of (x,y). k is a negative constant (-0.2) which 
is defined by user. The value of k [12] is used to determine 
how much of the object boundary is taken as a part of the 
given object. This method can separate the object or text 
from the background effectively in the areas near to the 
object. However, in this approach, noise still occurs in a 
varying manner in the background. 
Furthermore, the size of the window is important. It 
should be small enough to preserve local detail and large 
enough to suppress noise that the window should cover at 
least 1-2 characters. 
7.  Sauvola’s Algorithm 
Sauvola and Pietikainen [10] modified the threshold 
value of Niblack’s algorithm to eliminate background noise 
by adding a hypothesis on the gray values of text and 
background pixels in the following expression given in their 
paper. 
    1
R
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In their experiment, k is a positive value set at 0.5 and R is 
the dynamic range of standard deviation. Based on 8-bit 
gray level image, the value of 128 was used. It was claimed 
that the values helped to remove the effects of stains on the 
image. Different values of parameters have been used in 
this study. 
8.  Proposed Method 
Based on the local adaptive thresholding techniques, a 
threshold value is associated with each pixel. However, in 
this study, it was found that is the approaches have 
introduced more noise in the background and also lost some 
of the data or text. The solution to reduce the noise and to 
sharpen the text is to calculate the mean value and standard 
deviation of all local thresholds, and then adjust threshold 
value in each pixel by the following expression: 
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where w is weight which is selected by the user. In this 
case, w = 0.5 was used. It is also found that the approach 
also managed to recover some of the texts which have lost 
in the previous approaches. The next section provides 
results from three samples of manuscripts on ancient palm 
leaves. They are followed by a discussion on the 
comparison.  
9.  Experimental Results 
In this experiment, 199 images were used and they have 
been scanned from real palm leaf manuscripts of more than 
200 years old. The resolution of the input images is 200x200 
dpi in RGB format. The input images were converted to 
gray-scale images and then noise is reduced by Gaussians 
filtering technique. This section shows the results of 
background elimination by comparing the proposed 
technique with those of Otsu, recursive Otsu, local adaptive 
mean-C, Niblack and Sauvola. 
In this experiment, the proposed technique is applied to 
Sauvola’s algorithm to illustrate its ability to improve the 
local adaptive thresholding techniques.  
The example results are shown as in Figure 1-3. 
10.   Discussions and Conclusion  
In this paper, we found that there is no single best 
binarization technique suiting all images. Some algorithms 
can work better in some images but not with the others. As 
the data set is real data, one cannot control the input images 
and subsequently one cannot claim which algorithm and 
what threshold value should be the best choice. 
However, Otsu’s algorithm gives a good result in many 
cases but this technique will give bad result as a black image 
after binarization. It is found that Otsu’s algorithm can be 
improved by using recursive Otsu’s algorithm but it also 
eliminates part of the text. Mean-C gives good result as well 
but there are more pepper noise surrounded the character (or 
background). Niblack’s algorithm is not good for this case 
that there is more noise and darker images. Sauvola’s 
algorithm is better than Niblack algorithm and when the 
parameters are adjusted, Sauvola’s algorithm also has a 
problem about noise and character. If character is sharp, 
noise will be increased. If noise is reduced, character will be 
lost in some parts.  
Finally, it was found that the proposed method can 
improve Sauvola’s algorithm. This technique can enhance 
the quality of character  and reduce the noise. Not only 
Sauvola’s technique, the proposed method also improves 
other local adaptive thresholding techniques with a reduction 
in the noise and recovery of some of the characters.  
11.   Future Work 
As no single method can be used for all images, how to 
choose the best binarization technique for the user is the key 
issue. At present, application of Relevance Feedback  (RF) 
approach is being investigated in order to determine which 
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algorithm is more appropriate by allowing the users to select 
the images themselves. The machine will then learn from the 
common features of the selected images to determine which 
algorithm works better, and by clustering images while 
aligning them with the proposed algorithm. Next stage, 
algorithm or methodology for Line, Word and Character 
Segmentation will be developed and RF will also be applied 
to determine the best algorithm for the subsequent tasks. 
 
a. Original image 
 
b. Filtering image 
 
c. Otsu’s algorithm with Thr = 177 
 
d. Recursive Otsu’s algorithm with Thr = 129 
 
e. Local Adaptive Mean-C 
 
f. Niblack’s algorithm 
 
g. Sauvola’s algorithm 
 
h. The proposed technique with Sauvola 
Figure 1. A comparison of background elimination techniques 
(Example 1) 
 
a. Original image 
 
b. Filtering image 
 
c. Otsu’s algorithm with Thr = 126 
 
d. Recursive Otsu’s algorithm with Thr = 95 
 
e. Local Adaptive Mean-C 
 
f. Niblack’s algorithm 
 
g. Sauvola’s algorithm 
 
h. The proposed technique with Sauvola 
Figure 2. A comparison of background elimination techniques 
(Example 2) 
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a. Original image 
 
b. Filtering image 
 
c. Otsu’s algorithm with Thr = 146 
 
d. Recursive Otsu’s algorithm with Thr = 146 
 
e. Local Adaptive Mean-C 
 
f. Niblack’s algorithm 
 
g. Sauvola’s algorithm 
 
h. The proposed technique with Sauvola 
Figure 3. A comparison of background elimination techniques 
(Example 3) 
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